The radical scavenging assay-guided fractionation of the leaf extract of Byrsonima bucidaefolia Standl. yielded two metabolites with antioxidant activity, identified as methyl gallate (1) and methyl m-trigallate (2) on the basis of their spectroscopic data. Both 1 and 2 were identified as artifacts of the extraction and/or the purification process, possibly resulting from transesterification of precursor gallotannins. Evaluation of the antioxidant activity of both the isolated metabolites 1 and 2 and three of their derivatives (3-5), showed that 1 and 2 have a stronger antioxidant activity than vitamin C when tested using the DPPH reduction assay.
Antioxidants are substances that delay or prevent lipid peroxidation and oxidative stress, two of the factors known to be involved in the inflammation and aging processes, as well as in a number of diseases, including cancer, arthritis, AIDS, Alzheimer's and Parkinson's [1a-1c] . Antioxidants protect the human body from free radicals and retard the progress of many chronic diseases by scavenging reactive oxygen species (ROS), by activating detoxifying proteins, and/or by preventing the generation of ROS [1b] . In recent years, there has been an increase in the interest to find new natural antioxidants or new sources of already-known antioxidants; one of the sources that have received a great deal of attention is the plant kingdom, since plants have developed a number of strategies to cope with oxidative stress [1c,1d] .
Byrsonima bucidaefolia Standl (Malpighiaceae), a native plant of the Yucatan peninsula known as "sakpah" and "sak bo'ob" [2] , is used the treatment of asthma, fever and skin infections. It has been reported that species of Byrsonima produce saponins, flavonoids, tannins, and triterpenes, with a variety of biological properties, including fungicidal, antibacterial, and cytotoxic activities [3] . Recently, as part of a project directed towards finding new sources of biologically-active secondary metabolites from the Yucatecan flora, the alcoholic extracts of the roots, leaves and stems of B. bucidaefolia were evaluated 1: R 1 -R 3 = H R 4 = CH 3 3: R 1 -R 3 = COCH 3 R 4 = CH 3 4: R 1 -R 3 = CH 3 R 4 = CH 3 5: R 1 -R 3 = H R 4 = H 2: R 1 -R 7 = H 6: R 1 -R 7 = COCH 3 using a number of bioassays. While the leaf and bark extracts of the plant showed good to moderate leishmanicidal activity [4] , the leaf extract showed the presence of a number of metabolites having strong antioxidant activity when tested in the DPPH free radical assay [5] . We wish to report herein on the bioassay-guided purification and identification of methyl gallate (1) and methyl m-trigallate (2) as the metabolites responsible for the detected biological activity. The most abundant, less-polar, antioxidant metabolite was identified as methyl gallate (1) by comparing its spectroscopic data with those reported in the literature [6] . Methyl gallate, is often reported from plant sources [7] . In order to establish whether 1 was a natural product or an artifact resulting from the extraction and/or purification procedures, the dried leaves of B. bucidaefolia were extracted with EtOAc, CH 2 Cl 2 , EtOH, acetone, and H 2 O, and the resulting extracts were evaluated for their antioxidant activity using the DPPH assay. Although all extracts showed the presence of antioxidant metabolites in the highpolarity region of the TLC, none of them showed a significant amount of 1, thus confirming the nature of this product as an artifact. It is interesting to point out that the use of MeOH in simple procedures such as TLC analysis or the chromatographic purification of fractions apparently not containing 1, was enough to produce the artifact ester.
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In order to rule out the possibility of the second, more-polar, antioxidant metabolite 2 being gallic acid (5) , which could originate from 1 on reacting with MeOH, 1 was subjected to an alkaline hydrolysis; the resulting product, gallic acid (5), was not detected in the original crude extract and proved to be different from 2 when compared on TLC. The 1 H NMR spectrum of 2 showed a methoxyl-methyl group singlet at δ 3.82 and five signals in the aromatic region: two one-proton doublets at δ 7.34 and 7.44, showing a meta coupling (J = 2 Hz), one two-proton singlet at δ 7.27, and two one-proton singlets at δ 7.26 and 7.17 Hz; these data, together with the presence of three ester-carbonyl carbon signals at 166.6, 164.9 and 164.2 ppm in the 13 C NMR spectrum of 2, suggested a trimeric structure derived from methyl gallate (1) [8a] .
Peracetylation of 2 with acetic anhydride and pyridine yielded the corresponding derivative 6, which showed seven acetate-methyl group singlets in its 1 H NMR spectrum and ten ester-carbonyl carbon signals in its 13 C NMR spectrum. Methanolysis of 2 yielded 1 as the only product. Methyl m-trigallate has been reported as one of the main products obtained from the partial acid hydrolysis of Chinese gallotannin, and its structure has been confirmed by total synthesis of the trimeric ester [8b] and its octa-O-methyl derivative [8c]. It is important to mention that methyl m-trigallate (2), as was the case with 1, was not detected in extracts prepared with solvents other than MeOH (e.g. EtOAc, CH 2 Cl 2 , EtOH, and acetone), thus indicating that 2 also occurs as an artifact of the extraction process with MeOH. The antioxidant activity of phenolic products is generally ascribed to the redox properties of their hydroxyl groups, which can play an important role in absorbing and neutralizing free composing peroxides. The antioxidant capacity of phenolic products relies on their ability to transfer its phenolic hydrogen atom to a chain-carrying peroxy radical, at a rate faster than that of the chain-propagating lipid peroxidation step [9] . It is also well-known that electron-donating groups located at the ortho or para positions to the phenolic hydroxyl group lower the O-H bond dissociation enthalpy and increase the transfer rate of the hydrogen-atom to the peroxy radical [10] . Accordingly, evaluation of the antioxidant activity of metabolites 1 and 2, as well as their derivatives 4 and 5, using the DPPH free-radical scavenging test, showed that 1, 2 and 5 have a stronger antioxidant activity than that of the control (Table 1) , while 3 exhibits a moderate potency and 4 does not show antioxidant activity. These results are in agreement with the antioxidant properties reported for gallic acid (5) and a number of its derivatives [11] .
It is likely that the main antioxidant components present in B. bucidaefolia are gallotannins which, on reaction with MeOH during the extraction and/or purification processes, can produce, through a transesterification reaction, a number of metabolites with antioxidant activity, including 1 and 2. This is confirmed by the presence of high-polarity components with antioxidant activity when evaluating the extracts prepared with polar or medium polarity solvents such as EtOH, EtOAc and acetone, but not with non-polar solvents, such as CH 2 Cl 2 . Our results demonstrate the importance of the choice of both the method and the solvent for extraction, when investigating the isolation of bioactive metabolites from natural sources.
Experimental
General: NMR spectra were recorded on a Bruker Avance 400 apparatus using CDCl 3 as a solvent and TMS as internal reference. IR spectra were obtained on a Nicolet Magna Protégé 460 FT-IR instrument, using CHCl 3 (Merck, Uvasol) as solvent. Analytical Extraction and purification: Dry and ground leaves (667.6 g) of B. bucidaefolia were extracted with MeOH at room temperature. The extract was filtered and the solvent evaporated under reduced pressure to give 195.3 g of crude extract. A portion of this (47.9 g) was suspended in a 3:2 mixture of H 2 O/MeOH and the resulting suspension was partitioned successively between n-hexane and EtOAc to produce the corresponding low (3.4 g) and medium (21.6 g) polarity crude fractions. A portion (6.6 g) of the medium polarity fraction was further fractionated by VLC over silica gel, using a gradient elution with mixtures of CH 2 Cl 2 :n-hexane:MeOH. Fractions were monitored by TLC and those showing a similar composition were combined to produce 12 main fractions (MC14-A-M). The fraction MC-14-F (94.8 mg) was passed through a Sephadex LH-20 column, eluting with CH 2 Cl 2 /EtOAc (1:1), to yield 13 fractions (MC15-A-M). The fraction MC15-K was identified as methyl gallate (1) [6] . Similar gel permeation purification of fraction MC14-I (83 mg) using Sephadex LH-20, and a mixture of CH 2 Cl 2 :EtOH (1:1, v/v) as eluant, yielded 22 main fractions (MC21-A-U). Prep.-TLC purification of fraction MC21-M (11.2 mg), using a multiple elution (5x) with a mixture of CH 2 Cl 2 :EtOH (9:1, v/v), produced 4 main fractions (MC22-A-D). Fraction MC22-C showed a single component on TLC identified as trigalloyl methyl ester (2).
Extraction of plant material with different solvents:
Dry, ground leaves of B. bucidaefolia were extracted (1 g in 50 mL, 24 h at room temperature) with EtOH, CH 2 Cl 2 , EtOAc, and acetone; the corresponding extracts (176.3, 17.7, 23.8, and 58.6 mg, respectively) were obtained after filtration and removal of the solvent. Additionally, an infusion of the leaves was prepared by placing 1 g of plant material in 100 mL of boiling water; the mixture was left to stand for 12 h and then filtered. The resulting aqueous infusion was extracted with EtOAc (3 x, 2:1, v:v) and the organic layer was separated, dried and evaporated to produce the corresponding medium-polarity fraction (140.1 mg). The antioxidant activity of the various extracts, including the medium polarity fraction, was evaluated using the DPPH reduction assay on TLC.
Acetylation of methyl gallate:
A fraction (25.8 mg) containing 1 as the major component was combined with acetic anhydride (1 mL) and pyridine (0.5 mL) and was stirred overnight at room temperature. Usual workup followed by prep.-TLC using a mixture of n-hexane:EtOAc 1:1 as eluant, afforded 15.2 mg (63.3%) of pure tri-acetylated methyl gallate (3), as a colorless oil.
Methylation of methyl gallate:
A mixture of CH 3 I (1 mL), K 2 CO 3 (200 mg) and a fraction (17.3 mg) containing 1 as the major component, was dissolved in 3 mL of acetone and stirred overnight at room temperature. Usual work-up followed by prep.-TLC using a mixture of n-hexane/EtOAc 1: 1 as eluant, provided 9.2 mg (33.1%) of pure trimethyl-methyl gallate (4), as colorless needles.
Acid hydrolysis of methyl gallate:
A fraction (7.0 mg) containing 1 as the major component was combined with HClO 4 (6 mL) and was stirred, first for 12 h at room temperature, and then under reflux for 2 h. Usual workup yielded 10.2 mg of crude gallic acid (5) .
Acetylation of methyl trigalloyl ester:
A fraction (10 mg) containing 2 as the major component was combined with acetic anhydride (1 mL) and pyridine (0.5 mL), and stirred for 72 h at room temperature. Usual workup yielded 24 mg of pure acetylated derivative (6) , as a yellow oil.
Qualitative evaluation of antioxidant activity:
Samples of crude extracts, purified fractions and pure metabolites, were spotted onto a TLC plate and eluted with an appropriate solvent. The resulting chromatograms were first observed under UV light (254 nm) and then sprayed with a 0.2% solution of DPPH (2,2-diphenyl-1-picrylhydrazyl radical) in MeOH. Components with antioxidant activity appeared as yellow spots on a purple background.
Quantitative evaluation of antioxidant activity [12]:
Different test solutions of the various crude extracts, crude fractions (low and medium polarity) and pure metabolites, e.g. 1x10 -6 , 1x10 -5 , 1x10 -4 , and 1x10 -3 mg/mL for 1, 2 and 5, and 1x10 -4 , and 1x10 -3 , 1x10 -2 , and 1x10 -1 mg/mL for 3 and 4, were prepared and kept in the freezer until used. For the quantification of the antioxidant activity, 0.2 mL of the test solution was combined with 1.8 mL of a 0.1 mM solution of DPPH in EtOH; the mixture was stirred and incubated for 20 min and the absorbance determined by reading at 517 nm. Vitamin C (ascorbic acid) solutions (1x10 -4 , and 1x10 -3 , 1x10 -2 , and 1x10 -1 mg/mL) were also prepared and used as positive control. A mixture of 0.2 mL of EtOH and 1.8 mL of DPPH solution was used as blank. The DPPH decoloration percentages were calculated using the formula: decoloration (%): 1-A Sample /A DPPH x 100. The various concentrations of each metabolite were plotted against their corresponding DPPH decoloration percentages and a lineal regression statistical analysis (Excel) of the resulting curve allowed expression of the antioxidant activity of each metabolite in terms of its EC 50 value (concentration in μg/mL required for a 50% decrease in absorbance of DPPH solution). Every determination was repeated at least twice, on different days.
